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METHOD FOR THE START- UP OF A CATALYTI C PROCESS Fi el d
of the Invention The present invention relates to a

woredohoessfor starting up a catal ytic process. BeCREPIIOSICHSS77

of the Invention Hydroprocessing or hydrotreating
reactions involve the application of hydrogen to a

substrate, usually under elevated tenperature and
pressure, in the presence of a catalyst, with the aim
of causing a physical or chem cal change in the

substrate. Mst such hydro roceSS|ng reacti ons occur

in refindf3 EFerafi 6RE e Wh&FshibstHat e §s FROCESS
hydr ocar bon feedstock. Conventional hydroprocessing
catal ysts are generally in the formof a carrier of a

r ef faElgr ¢f 1°81 on whi ch hydrogenati on

met al s arge dgRosdrednvbhei §hoi Cievrand rampund ceda eagh
conponent being determ ned by the end use. Refractory
oxi &kt ari 8P s2 UL YitA t REC@?%S are anor phous or

cr ysahlj-nanh of ae-10f @huaing, silica and conbinations

t hereof (Though for some applications, materials such
as titanfadheRr e srsed) or THEEE [GAtdeInaeRE T IS dawolve
haV@ch%O'é?ﬁhH&&tﬂ% Geatakhis astd Wik chut Of €M 10R) Yinder
provi de e support on which active nmetal s conpounds
are‘%kﬂWﬁte¢héem@ﬂ%ﬂ§¥Q§rénéeﬁé$%ﬁW§ﬁrb&§et6? RbbP@Ice of a
met ada%afl&em G pup Md lLiand:Goupi M B %ﬁay‘s%af%f Qdicknical
Tabl e which are deposited in oxidic formduring
manuf@egar én Fhe thdase cof Mpas es it dlvsr ophecoxs des

ar e 1her ssubphLded B 0k 1ho, pr el 49 usevherenhiance

their activity . Alternative catalyst fornms have been
proposedripe is a hydrocarbon feedstock.

Conventional hydroprocessing catalysts are generally
in the form of a carrier of a refractory oxide material
on which hydrogenation metals are deposited, the choice
and amount of each component being determined by the end
use. Refractory oxide materials usual in the art are
amorphous or crystalline forms of alumina, silica and
combinations thereof (though for some applications,
materials such as titania may be used). These oxide
materials can have some intrinsic catalytic activity but
often only provide the support on which active metals
compounds are held. The metals are generally base or
noble metals from Group VIII and Group VIB of the
Periodic Table which are deposited in oxidic form during
manufacture; in the case of base metals, the oxides are
then sulphided prior in order to use to enhance their
activity.

Alternative catalyst forms have been proposed for
use in the hydroprocessing of, for example, refinery

streams. One such group of catalysts are termed ‘bulk
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use in the hydroprocessing of, for exanple, refinery
streans. One such group of catalysts are terned

WO bwbkesstsal cat al ysts'. Such catal ysts are for PEUHEP2008/065877

mai nly from netal conpounds, usually by
co-precipitation techniques, and have no need for a
catal yst carrier or support;-sze for exanple WO

00/ 42119 and US-6, 162, 350 . Both publications

di selcese butkiy®tial. catal ysts: eorprdrsi Agrieupa Myl from
and Goup VIb netals. US-6, 162, 350 discloses that
sucﬂﬂEéﬁaF9§P%UW§V &6H@&Fﬁ Bﬁec%rp%ﬁﬁ%?léﬁtéQQht?ﬁﬁQﬂques'

t ypesncandvexasphess shewaNeMa1 NWand ithecdstpport; see
preferred Ni MoWbul k netal catalysts . The greparatlon

of SP¢hERTRER aFP | 40 /BEIk Ocardl Y&t° part PePesBebmpri si ng

at least capeof®t@ls Aloskeast Kpadtdy dat 99kt d sb@t®i sing
form is also described in WO 00/41810. Further bul k

met AT pE L Eat AY SHPURNY Lpr Beedses Yo/ LAy £00 discloses
prOQQﬁk|@Gcﬁr@aﬁg¥yéﬂsb%gy|BoﬂgéﬁﬁQﬂkpz§8§8reT®§ each metal

catal ysts, terned 'bul k netal oxide catal ysts',
di séivesedpf ?ﬁ@@iﬁﬁt@ﬁéﬁtNé%ﬁtdﬁﬁJéﬁﬁeFPécW%?W paigered

mat efiivaly, oWk Ched 51 NQL au$edsas a catal yst support. For
exanple, the "- f -, S conpositions described in WO

2004/ 073859 PRERRAERG ORop 390 FHINPel{C) i ocasalyst

Wherei R 1 X1EEPEERSNTS Al ok easks ONgeR AgbLEe %e%tp p\élﬂtlly
metal; Mrepresents one nonnoble Goup Vib netal

r eprléSé@tlsdoﬁ@am e ébepbh® sAswlrddedd 1fr Brh 00/41810

al um ni upy, - Shd. GRN %9@@%%@ ddels %?'s%'g\ afh NSO s for
boron, and zinc; one of b and c 1s the integer 1 ; and

d ardied rangothet stther cofiebcaided endly 4P8440 pbwber The
greater ,han O . such that t H@tgp'&!lofeatc'aga% ps € 'cﬁécﬁosed

the rangé of "from0.5:1 to 5:1, the nolar ratio of
is iim ﬁhéSréﬁ@@mQﬁtquyﬁﬁ@nza1r¢ﬁréﬂlqry Qﬁdd@h@aWﬁﬁkﬂi

ratiﬁ%f%% ?écné§ &5&&'&% 5a999a955€réﬁﬁp%i%.t90§oégample, the
catalyst compositions described in WO 2004/073859 have
the form (X)p(M).(Z2)4(0)., wherein X represents at least
one non-noble Group VIII metal; M represents one non-
noble Group VIb metal; Z represents one or more elements
selected from aluminium, silicon, magnesium, titanium,
zirconium, boron, and zinc; one of b and ¢ is the integer
1, and d and e and the other of b and ¢ each are a number
greater than 0 such that the molar ratio of b:c is in the
range of from 0.5:1 to 5:1, the molar ratio of d:c is in
the range of from 0.2:1 to 50:1, and the molar ratio of
e:c is in the range of from 1:1 to 50:1.

Further examples of related catalyst compositions
include an unsupported catalyst composition which
comprises one or more Group VIb metals, one or more Group
VIII metals, and a refractory oxide material which

comprises 50 wt% or more titania, on oxide basis as
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Furt her exanples of related catal yst conpositions
i ncl ude an unsupported catal yst conposition which

W@ 9p6s8es one or nore G oup Vib netals, one oOPCTBPM08/065877

Goup VII'l nmetals, and a refractory oxide nmateri al

whi ch conprises 50 wt% or nore titania, on oxide basis
asdescri bed in WO 2004/ 073854,3 and an unsupported bul k
net al oxi de catal yst conposition which conprises one

or nser&hedpiViip nEtoal/9;730p8, aindire uRGAPPOBE €1 Gaup
VIIl nmetals, one or. nore zeolites, andh optionally, a
r ef W&r?x&‘? det Tt SPTRSS Hi K¢l g¥ed i RO LSes one or

2006{027358up Heneinalliel, , oher o £ass Ohnoundenst aneh g, viTT
the term ' bul k netal catalyst will be used to refer
to AMFAPar kORRtA W SDEFRIAEE VX dEPEAPAFYSEY. dn

or defe ft-acberysedi &s raekirve1 cat al ysd1Hs a0 sh wo 2006/027359.
hydrotreating catal ysts, including bulk netal

cat al yst Eeraipat s coRvePi®dl o %qﬁi@lrlstéﬂﬂ%lil% & heprernm

sul firdgy hetm (daa1,8u4lf hded)pe SUeh ractkkyation Jmy ek
carried out as part of the start-up of reaction

pr od¥sSds OtisPhy: tidsed €4t aPySt'silSiich a start-up can

be carried QuieWhid @ccaBtACtd NGtk %@Eahy&%s Wity it he
full-range feed which is to be treated by the

cat dNSPr T PRpREVEICa e SliSe HRCHIGIY akgBeFebdcaRAlivisg s

st ant, WPpbScyspdllan lessnthansidealic, Fer exapphe, ddrn
t he hydrotreat| ng catal yst is part of a catal yst bed

cont@i-fi-nguibt @ Vharbishe aeyperofordiral pst Cast et ing ap
the procggsympth fhe u%y@%o%gé‘ﬁi&g £lakyst | 5‘1&9%%%%

with the full range feed may | ead to other cata ysts
in tdeeadacabystuded b‘élaﬁ@ poi Sohed: IPpredatanihantisle

(e. %on%lélcfcyﬁ%] faid rc%%'iy%@dw%ﬂgﬁ{b %ﬁtlakahgg BPECIBS)kn is

t hat have not been renbved by the non-
par tticaley taggt s@atled the catalyst.

However, the use o0f a full-range feed during start-
up is usually less than ideal. For example, 1if the
hydrotreating catalyst is part of a catalyst bed
containing more than one type of catalyst, starting up
the process with the hydrotreating catalyst in contact
with the full range feed may lead to other catalysts in
the catalyst bed being poisoned by contaminants (e.qg.
sulfur, nitrogen and oxygen containing species) that have
not been removed by the non- or partially-activated
hydrotreating catalyst.

Furthermore, if the product hydrocarbon streamnm,
having passed through the catalyst bed, is collected
without separation or removal of the fraction which
passed over the hydrotreating catalyst before it was
sufficiently sulfided, then this can lead to undesirable
contaminants being present in said product hydrocarbon

stream.
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hydrotreating catal yst. Furthernore, if the product
hydr ocar bon stream having passed through the catal yst

whea9/063878¢ 0l | ect ed wi t hout separation or renovBCT/BP20D$1665877

fracti on which passed over the hydrotreating catal yst

before it was sufficiently sulfided, then this can

| ead to undesirabl e contam namt s being present in said
product hydrocarbon stream Thus, it is advantageous to
start - upthhe, reacts @@v@h@@@@@uywdﬂgtbhe gat @by steaittibn
a feed which contains fewer contam nants % 9. sul fur,

ni t FEGERSANBS XY Jeif Eonear it ngt Shetitesy v LAl & contains

ful leh@rgechesdinddt d S ekBOWBul Aurt hell&rrbgtehaana\/r&rygen
using a feed containing fewer contam nants, an anpunt

of SPIPFarEoRT afRf Tig YpeePBs? nbyl heed %o f68%added t o

the feedrduré nehstarh- Upel ArOrdert t@eaNSH €y thateed
enough sulfur is present to allow successfu

sul fqodlélallah“%ff%"l’?é? CEOEPPSTATES ha %@H“Fo%ds%%/ﬁ%qﬁe

presentai YRRt Shedinat magvaBeaf t&rod heicaddi bi Ofe ofceca
sul fur-containing species, once bulk netal catalysts

hav@“ﬁé@ﬁ é*éﬁ]f%ld%%d”\/violrﬁeﬁyﬁ@ oRHTHGh Hheedsnewwt aithitg 1S

wievehs of &%@@u%@@%%fgwé@]gfﬁa%rﬂbnu@foﬁhe catalyst
sul idation, a performance |loss is observed. This

obser vedIF 0aas dieere f§unAyHY oeles e SGRE z AR Y O Cractiafi t gven

canngt behesi i ad Hy ghangkng- &Qntaalnli'nb Eﬁ@&?ei eethce
or other heavier distillate streans, after the

st aklipTEsa ot BEd.s PEVADREEh beorddvantaygebushidrocarbon

pr O\é'e%%ls céﬁé‘éinﬂﬁg F?L %%é%elé‘%f‘%d?%%%‘%%@gndﬁﬁer%s start—
containing low levels of contam nants, in which such a

|OSSﬁbprpépi@¥¢@ﬁﬂﬁﬁ d@e@eﬁ@@rm%WQ?;ﬂQ§@e;s observed. This
observed loss o0f, e.g. hydrodesulfurization, activity

cannot be restored by changing to a full range feed, or
other heavier distillate streams, after the start-up is
completed.

It would be advantageous to provide a start-up
process, using hydrocarbon feeds containing low levels of
contaminants, in which such a loss of performance does
not take place.

Summary of the Invention

The present invention relates to a process for
starting up a hydrotreating process using a bulk metal
catalyst, said process comprising the steps of:

i) providing a hydrocarbon feed stream containing
less than 100 ppmw nitrogen-containing species;

ii) adding a nitrogen-containing compound to said
hydrocarbon feed stream; and

iii) contacting the resultant feed stream with the
bulk metal catalyst in the presence of hydrogen and a

sulfur-containing species.



Summary of the Invention The present invention relates

to a process for starting up a hydrotreating process
wa@gimges7Hul k metal catal yst, said process conpCi/EP19g8/065877

the steps of: i ) providing a hydrocarbon feed stream

contai ning | ess than 100 ppnw nitrogen-cont ai ni ng

species; ii) adding a nitrogenscontaining conpound to

sai d hydrocarbon feed stream and iii) contacting the

resul t antné ek sdrreamvsht ot heulde et atesat@ly sirocBss
the presence of hydrogen and a sul fur-containin

specdi%s "THECbF 83'ehtd |an\51é’ﬂFP6ﬁr]?%ﬂtfr?§FSF8F5t e831® Brocess

processrieingydiotyealsi Bg:.a hydrocarbon feedst ock,
sai d process conprising the steps of: i ) prOV|d|ng a

hydr ocar borPFEEE $¢r €a @6%?%?%Fh§eﬁés§tfﬁﬁﬁ‘%Uﬁaﬁﬁﬁwg

ni t nRGeN+6eAt 8 Midiens PeEr8§enlddnaddiiRg 8pecies;
nitrogen-contai ni ng conpound to said hydrocarbon feed

stream i1 )3¢t%ct PRGT PR TEE WA ARPIT eeBPI e WwrtH

a bulkr-oebabogatady stclenmt he presence of hydrogen and
a sulfur-containing species; and iv) subsequently,

cont act i gt HOHESHIPENE N BUTHS HERAIL ESEEI §SECHI t°H t0hé

hydroear hepaf eegdsiack i the presance of nhydcggenng a
Brief Description of the Draw ngs Figure shows X-ray

di f faétirofopatiertis SFECLRE s t catalysts used in
EX&”D'?Slé}lf&%éEH%e%tlyFEEé%éé%%ﬂ%%S%%bpké9@16Hn6'%%1k

I nventi on ring start-up, or sulfidation, of
hydﬂ@ﬁ@éa?ﬁﬁ@lb$%d@@§1G@ﬁn@Y@r%ﬁvﬁxﬁEﬁﬁpdééP@$y%&,tﬁﬁ

Sig%&%@%ﬁ@& &Psﬁydrogen-

Brief Description of the Drawings

Figure 1 shows X-ray diffraction patterns of the
spent catalysts used in Examples 4, 8 and 9.

Detailed Description of the Invention

During start-up, or sulfidation, of a hydrotreating
process using a bulk metal catalyst, a significant loss
in performance can occur when said start-up takes place
using a hydrocarbon feed stream containing low levels of
contaminants, even when sulfur-containing species have
been added to said feed stream. It has now been
surprisingly been found that such a loss in performance,
in comparison to a process in which the bulk metal
catalyst i1s started up in contact with full range gas
0il, can be avoided by the addition of a nitrogen-
containing compound to the feed stream.

The terms ‘hydroprocessing’ and ‘hydrotreating’ are
used herein to cover a range of hydrotreatment processes
where the hydrocarbon feed is brought in contact with
hydrogen in order to modify key physical and chemical

properties. This includes hydrodesulfurisation (HDS) and
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i n performance can occur when said start-up takes
pl ace using a hydrocarbon feed stream containing | ow

WO eapelesssd cont am nants, even when sul f ur - cont BETEP2908/065877

speci es have been added to said feed stream It has
now been surprisingly been found that such a loss in
performance, in conparison te @ process in which the
bul k nmetal catalyst is started up in contact with full

r anggyagaseditrogathienavabded by dihe aaddoti oo Dierdy
ni trogencont ai ni ng conpound to the feed stream The
t er ¥ °CRYdropr dCBEiigC tahdr " hy it ot¥e dPAgEC ar f Hs

her @ird @ sEOVERKi @ Iange ref nbydfef reat RRAL vPf PCES SAse
where the hydrocarbon feed is brought in contact with

hydrfGg&n TRe8F det o 1REdie§ R%%f%ﬁ?ﬁtégsraﬁﬂd%@rﬁ%mgr

pr Oﬁ@rdtrlo@§nlﬂ-@l Snd NElatdes rhydredestd forueksat bonc RSk sent
andhydr odeni trogenation (HDN) . In the art of refinery

pr ocesErRgCa hfmorsr fafisUaty e usédFB refer to
ProGRSSes rWht 68 K e l. 1 RS, a@@%éﬂjﬂyaﬂbbﬁhéyléﬁ‘ﬁ%ﬂ@%sses,

form These terns include hydrotreating, hydro
i ni SHCRg 2ShyeireYdhitg CaNdeRyaPorEfRing ﬁ@mp%%dfbr%tdess

of H}%lrgg@ﬁs’aioﬂl nyenti-gnct her ef o5& dines s4send nsal las
these hydroprocessing reactions. O her hydrogenation

pr 0Ce§Eed e a5pBH: B triemov aF © of L oX yijErt 208 At AV AT pigreating

conpauds sa0d, aydrogenati ene of - &I matigenfabso known
in the art as hydrodearomati sation) are also suitable

hydr ot r eBY #Herpristedsess aeeer difig 6ot hebpresshtto
' nV@%r%@re'&Vﬁﬁ&Cﬁ&%%sfe%eg%ﬂ%é dRat-ane éybé)@&_lcﬁ_%um

to hy rotreatlng processes i ncl ude any crude or
pet rollegm 6 kcororf ridsirieon - t Bt ebfedsTeskperdst ot ke avdpusly

be F?In%\é'e%é!jyo#rﬁéxﬁea 69 c0hy hé‘%{&eﬁjcfr%a%c&{ng?ég&%ts ugh
treatnment as fractionation;, for exanple atnospheric or
vacudumctionation, for example atmospheric or vacuum

distillation, cracking for example catalytic cracking,
thermal cracking, or hydrocracking, or any other
hydroprocessing treatment. Examples of such hydrocarbon
feedstocks include catalytically cracked light and heavy
gas oils, hydrotreated gas o0il, light flash distillate,
light cycle 0il, vacuum gas o0il, light gas o0il, straight
run gas o0il, coker gas o0il, synthetic gas o0il, and
mixtures of any two or more thereof. Other possible
feedstocks include deasphalted oils, waxes obtained from
a Fischer-Tropsch synthesis process, long and short
residues, and syncrudes, optionally originating from tar
sand, shale o0ils, residue upgrading processes and
biomass.

Such feedstock may have a nitrogen content of up to
10,000 ppmw (parts per million by weight), for example up
to 2,000 ppmw, and a sulfur content of up to 6 wt%.

Typically, nitrogen contents are in the range of from 5
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distillation, cracking for exanple catal ytic cracking,
thermal cracking, or hydrocracking, or any other

whyweoemsoeessi ng treat ment. Exanpl es of such PCT/EP2008/065877

hydr ocar bon feedstocks include catalytically cracked

light and heavy gas oils, hydrotreated gas oil, I|ight
flash distillate, |light cycle i+, vacuum gas oil,
light gas oil, straight run gas oil, coker gas oil

syntietsi, 0ogagp@i) mawtd s XbUIeSiOfc Ny ahwe 6Fr e 5 to
t hereof. O her @033|ble f eedst ocks i ncl ude deasphal t ed
0i | $°WakEs=Bbt & méd Fr SAPE Ei se et TPEPYcha’y %E@V%

processenkongranth sher t-ahgsi deessodind 03y Ber HOess .
optionally originating fromtar sand, shale oils,

r esitiré °dpYr AUT NP PrEc ES8BSUARTY Hionwsellysipprhe form of
feedstRak HBY HaME & RirbEagen COMRM 08 Yp1Eer 1bfinas .

ppnw (parts per mllion by weight), for exanple up to
2,000 pphWE %be“oé:asf@PPuFe%%rﬁte?ﬁa“bﬁoﬁﬁaf-Bl%gV\Jte%s Rhan 100

Typ@%ﬂhlMitﬁb&é@gﬁﬂﬂﬁﬁﬂﬁﬁgt§pé@f%é|1Eb@%dréﬂg§h@foJéﬂ§pl
5to 000 mv, nost suitably in the range of fromb5

to 156006 OtfotIS@Ofee@ GLIPPABIN 539D 200 StApRIAY afg the

sul friyy-60RLERT S A& d st Reckanaey afo fh@M0eOdnt 0iRrention
W % The nitrogen and sul fur conpounds are usually in

t he ifsor Aokt & pRasiamid SEBRPI exDorticd 1R brogerrding feed

SU'E&&e%%”@@yﬁdﬁheﬁ”ﬁ%eﬁY@EogﬁébQﬂnﬁ?%% Bkl 88 drotreating
containing less than 100 ppnw nitrogen containing

speditésepbasedson a ﬁr@dwéfiam ipgiffhiacoivihe Peed bulk
streamhusedaf oL stardoh ?Qr%’oﬁ he, hydrotLeat LRg. pracess

according to the present invention is, in its broadest
ené@él]féﬁy1 8P YHP & ffyldﬂoééﬁ‘b@nfef%d S@Fheﬁﬁ?@ h3it T sften

used JonhResstaLt MRy O, hydr ol rj?eaetdsﬁngEQH eﬁévé? HIRES

a reduction in the activity of "a bulk netal catal yst
i n dowparidson @(PKMﬂ§$Ssa§dCba@%J@MQKQQ§HltrOgenatlon, which

reduces the amount of nitrogen-containing species to the
required level. Alternatively, the feed stream containing
less that 100 ppmw nitrogen-—-containing species may be a
natural or synthetic stream which contains such a level
of nitrogen-containing species without having undergone
any specific treatment to reduce nitrogen levels.

Suitable hydrocarbon feed streams include streams
such as light gas o©0il and already hydrotreated gas o0il,
which contain less than 100 ppmw nitrogen-containing
compounds.

As used herein ‘full range feed’ refers to a feed
stream containing the light, medium and heavy gas oil
streams from an atmospheric crude distiller. Such a feed
stream may also contain the vacuum gas o0il cut from a
vacuum crude distiller.

The bulk metal catalysts used in the present

invention are compositions containing a high amount of
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started up with a full range feed. Such feed streans
i nclude feeds (e.g. full range feeds) which have been

W@ e@anest78 n a process, such as hydrodenit r ogene€T/8P2008/065877

whi ch reduces the anobunt of nitrogen-containing
species to the required level. Alternatively, the feed
stream containing |less that 109 ppnw
nitrogen-contai ning speci es nmay be a natural or
syntdiefupCvstt e el ¢ont abnst Suchl,acbevehaofy, a

ni trogen- cont ai ni ng speci es w t hout haV|ng under gone

any 'SPeErfi eMPrRattrert ors FRHIRE Hitt PEdER" | Bv@dl sSiiicas

Sui taklenhy dhogasdion freednsh| eandedmcl, uder sk eans; isch
as light gas olil and alread¥ hydrotreated gas oil
whi GF1€E6nt 8F N1 &sE $5h&A160 ppnw ni t r ogen- cont ai ni ng

compoundsy . t e scdisedvhekendafuldatzange feeds defirrs
to a feed stream containing the |ight, nedium and

heaWy'dGastert Stdtedms FP@ﬁPéhtJa?rdesspﬁ]@rtl efckifle

d|SQkﬁk%ht1§N§ﬁ:@nﬁ@%@l%hrﬁﬁgq£mbkéﬂd¥%e@0ngﬁé$béiﬂ%talyst
vacuumgas oil cut froma vacuum crude distil

bul UFEPal Eat el yist SeSedornet He Pr 8$&RL Si Riem e @ré 10

CO”RQSHE eas:cont alydi ng a hbgho ot sof Ghoup Md Inand s
G oup V netal s and, optionally, a limted anount of

|neﬁmdweppéé@@@§iXDuﬁﬁ§ra§t@rys@%%Q%im@ﬂeﬁﬁﬁhaare combined

MBgNeRjcRneti fds aohez'cfo%%bétl&ml'sa £ RMnedl PE1OXI USRS
m xtures thereof. By the term'bulk netal”™ catal yst "it

'S ﬁ@ﬁﬁéHGnaé?RtdﬁﬂJﬁﬁaﬁUPH@r%%ﬁnﬂﬁﬁQﬁYéﬁSvSlﬁoihkﬁ HR&

conyentihongl , f LM Wi ch ihas, a Mﬁf&fﬁ'}%@toﬂ)a&@de material
catal yst support which is then l'oaded with nmetals via

i nprpe@rséputohs ofo depsict PoRSPBERLS Sligtdompositebirl within

whi gh,t he,fBL 8l 5.,8nd, optionally, refractory oxide
naterlal are conbi ned
Herein reference is made to the Periodic Table of

Elements which appears on the inside cover of the CRC
Handbook of Chemistry and Physics (‘The Rubber
Handbook’), 66" edition and using the CAS version
notation.

Suitable bulk metal catalyst compositions are of the
general formula (I):

(X)p (M) (2)g(Y)e (1)

The metal X is preferably a Group VIII metal, and is
suitably one or two non-noble metals selected from
nickel, cobalt and iron. Preferably, X is selected from
one or two Group VIb metals, and is more preferably one
or two non—-noble metals selected from chromium,
molybdenum and tungsten. Even more preferably, X is
selected from molybdenum, tungsten and a combination of
the two. The most preferred metal represented by X 1is
dependent on the temperature intended for the end use of

the catalyst. In applications where the end use is in a
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t oget her when the conposition is forned prior to any
shapi ng step. Unli ke supported catalysts, in this bulk

worea0al06828 al yst conposition, any refractory oxPGBEP2008/065877

material present is no longer a separate distinct

material within the conposition. Herein reference is
made to the Periodic Table of El-enments whi ch appears
on the inside cover of the CRC Handbook of Chemi stry

and Rhyshes. fndhe, Rubber Handhookser, 66t %ﬂ!éﬂe%bwd

usi ng the CAS version notation. Suifabl e bul k metal
catakﬂsbdeonmpsamd(NM@rarehefem@exgem@m@brhonﬂwlfs(3@0%:cm

B £ el ey S ani e Pig S 201 Y

nonmt‘ylbaenemadaﬁd sﬁjr@@ted from ni ckel, cobalt and

i ron. Prefer%@dx IS se}Pected fromone_ or two 1 up
Vib netal 8¢ 9% fof'8Y pPerdtallty "6ne B ctwy-s selected
non-fiehl e petal sxfsqir@@bad f £ @ é)an@ﬂtUmepHEls%btd@ﬂthﬂ 7
and tun%sten Even nore preferab r}%"ﬁ X is_selected fram

mol YBIERTRT Thingstien CANdca Combt Grf 6f PR thy. ‘THeT™s

nosta pretartedy mtalgarepr eseas edriy ofchsndepengenic @he or
the tenperature intended for the end use of the

cat &St SLPRCAPDI IR GAs ThRBr 2 IHE ed G861Fe n

ar e%ﬁ‘eﬁg@%s&@ﬂpe{fﬁ@&’fﬁlwf zhebowi 380QC ron, t ahg pref erably
bdenunhand where the end use terrper ature is 3800C
a

or ABOVEL APLY | s? prdf€rably PURgat ditér CacRPREureeigeted

mol yhdendmangi tungsitieronThei ehenentany raycbeuone or
nore el ements selected fromOor S . |If present, the

el eMEFECF 8Pt Bsent St By 25t ogbt Het e Fﬁetﬁée69@tﬁﬁpt
CONRRRRRL 58Sy et edreid1 f, 0L 1 ¥nE #F MBI another embodiment most

preferably 72 represents titanium as the predominant,
especially the sole, element. In that case as optional
additional elements Z, aluminium and silica are the most
preferred. Additional small amounts (in the range of from
1 to 3 wt%) of zinc oxide in the refractory material ZO
can be advantageous to increase surface area of the
catalyst compositions.

The numbers b, ¢, d and e represent relative molar
ratio values which are estimated taking one component as
a standard or reference. Herein one of b and ¢ is to be
taken as the reference and designated as the integer 1.
The other values are then established as relative values,
basis one of the metals X and M on an oxide basis.

Preferably ¢ is the integer 1, and the ratio b:c is
in the range of from 0.75:1 to 3:1, most preferably 0.8:1
to 2.5:1, especially 1:1; the ratio d:c¢ is in the range
0:1 to 20:1, more preferably 0.5:1 to 20:1, most
preferably 0.75:1 to 10:1, especially 0.8:1 to 5:1; and
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a refractory inorgani c oxide. The elenent Z may be one
or nore elenents selected fromalum nium silicon,

wore@neeisesn titanium zirconium boron, and ziPCI/EP2008/065877

Preferably, Z represents one or nore el enents sel ected
fromalumnium silicon, titaniumand zinc. Most
preferably Z represents silicdn as the predom nant,
especially the sole, elenment. In another enbodi nent

nost-er ebetabd ye 4 4 apr esentsndé tamisttmmas :theo 50:1, most
predom nant espeC| ally the sole, element. |n that

casé’rﬁge&ﬁjﬁphﬁn‘él ddtiZ0 dnaf SBF ehehtys 521, 41 4 hi um and

silica apgpéhe MPpsh phefeefiesh Addirkbanatismaddat is
amounts (in the range of froml to 3 w% of zinc

OXi cf@llﬁ“’?ﬂet?e?rr%ﬂﬁr@r§hﬁaF%F?]aYStZ(§O€‘é’ﬁSBElO“ for use in

advat-ageeudsss oot rt@{ee@%sgﬂff%eera&l% oknthe eatwal yst
conpositions . The nunbers b d and e represent

rel &S95VEUADI AFPRHS 0 AFEPHES %?W%@@%@Fl nated RaaiNg

OnepQ%@BQBenEofﬁbW%rﬁi%ﬁ@@ége@f hefiRyenNcea: r HBF&hth HRLint s
of band c is to be taken as the reference and

desiqfndtéd a8 ¢hefquiégérPes. oOThePstiver Al besPareent- In

theneskabl behed as relat bvgoygldes, RAsHE10Ae &n (i ect
metals X and M on an oxide basis. Preferably c is the

[ nté@@ramounénﬁﬁqqﬁﬁtrépl6h9 g2k sly St (wEPPARGECD from

0. 75: t@héréﬁaﬁ@%b @E@E?éagh%:Qh% %a&glgsé éom osition
especially 1:1; the ratio d:c is in the range 0:1 to

20: TlefipréipP et erabl yiG5r 1ed PR RUMOSTHSE 1 pr of ereslaration
0. 73hdti® 1405 1. ciesRed;aliky of- §sé’dt}%r%1% aRdthe ratio

e:c Isin the range of from1 : 1, nost
pr efedicaghny a4 H@%%ﬁlﬁ?dlone§©é@$%ﬂ4%ﬁ @mpup@ b@sis, is given

mp%dlaggoggdg he, st hod of preparation that is
fol lowed to prepare the catal yst conmposition for use

in the pPoeckessaldfy tthe presentofi megatli(en, Xt hieve idodhe
be

range of from 15 to 35 wt%, calculated as if the metal(s)
are in their oxidic form and based on total catalyst
weight, but more preferably is in the range of from 20 to
35 wt%, and especially from 25 to 33 wt%. The metal M is
suitably present in the highest amount of the two metal
types; preferably the metal M is present in an amount in
the range of from 40 to 75 wt$ calculated as i1f the metal
is in the oxidic form and based on total catalyst weight,
more preferably 45 to 60 wt%, and especially 50

to 55 wt%. If the balance of the catalyst, on an oxide
basis, i1s comprised of a refractory oxide material, said
refractory oxide material will suitably be present in an
amount in the range of from 5, preferably from 10, more
preferably from 15, to 40 wt%, preferably to 30, more
preferably to 25, especially to 20. Preferred
compositions contain from 10 to 30 wt%, more preferably

from 15 to 25 wt%, and especially substantially 20 wt%.



resi dual ammoni a, organic species and/or water species

present; follow ng different nethods, different
W@rwanes7as wel | as different types of speci esSPCERP1968/065877

present. In respect of water, also atnospheric

conditions can affect the anpbunt present in the

catal yst conposition. Thereforné to ensure that the

catal yst conposition definition is not distorted by

at nospheth Ca Gfafi16Rar abinpss Cosh tiensset he €ef iiniven@Ron,

used herein, on both an el enmental basis and on ,

per cté%’?tfﬁg@aﬁn%%njt“ g 2708 gf viEerPb &R ORi He® badd s

Pr efiestabl yat hey aowit rebipghal sfsdiok,| kgSobgakhes, raam@@nla
of from15 to 35 wt% calcul ated as i'f the netal :5
ar e 3N/ PRelFEo%i THIC ST nPARd s P BIP i Et & Fo%a?dFy wts

wei ghte, pRutcNOE exf efiabl ¥ri sudh dhe@onhange @in fyom 20
to 35 wt% and especially from25 to 33 wt% The netal

M i $SGrTaBry pr esedard fR_IAT YheCParBufe - of the two

metal types;ppreferabl yathe, oo aloMiss presentpidadr or
amount in the range of from40 to 75 mﬁ@bcalculated as

i f (e RERARNT sITETHEToRPYI Be forTRERd Basedy ot tictale

cat y(sbaWeh&ht . i iR Rref e5abh Yo AR @801 Wt Yoa@Ndiose
espeC|aII¥ 50 to 55 wt% If the bal ance of the
8

cat &9pstiPeR Bn Bkt WBadPs, U s cdmpricdedWef 0%/ 41810, WO

refEﬁﬁM96V3@%9dQMﬁQk%MV@H38§§'Qm{Q&f@%b@VM2@§$Qe
material W Il suitably be present in an ampbunt in the

range of Pfemiably piréPepabf§o9 T sIANLE i NABE ec PRt Ecalispd in
fromplS et 80400 M Hoe Earr%fs%@bib{vé@cl , 101 PEEILrably the

to 25, espeC|aIIy to . Preferred conpositions
contaionrf FeRslettw 3(? \mnweﬁok@%@@@a@pyyfwmﬁlwaﬂo

25 @Bﬁ%e@nd §§fﬁﬁiﬂg§ %n%u9§é§9td§¥|@étggegﬁglngéknary

cat al yst conp03|t|on for use in the |nvenf|on there
may Sy@onpuphecrr@igeisof ofhem B mQﬁQKPaMQWﬁtBQSISSUCh as

pyrroles, indoles, carbazoles, imidazoles, pyrazoles,
oxazoles, and S,N hetercaromatics), amides, nitriles and
N containing complexing agents (such as EDTA, NTA, EGTA
and DPTA). More preferably, the nitrogen-containing
compound is selected from amines (including
polyfunctional amines), pyridines and their derivatives
and quaternary ammonium compounds. Even more preferably
the nitrogen-containing compound is an amine. Most
preferably the nitrogen-containing compound is a C4 to
C20 amine.

The nitrogen-containing compound is added to the
hydrocarbon feed stream containing less than 100 ppmw
nitrogen-containing species in an amount such that the
resultant hydrocarbon feed stream contains more than 100
ppmw, preferably at least 150 ppmw, more preferably at
least 200 ppmw, even more preferably at least 500 ppmw,
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total catalyst, of residual species, eg organics,
anmoni a and/ or water species, and nost comonly fromb5

W@ 2008/04#898 The presence and anmount of such conPOHEP1088/065877

can be determ ned by standard anal ysis techni ques. The
bul k metal catalysts for use in the process of the
present invention nay be prepdfed by any suitable
met hod known in the art. Such processes include those

deseidskegdrbfe MW BO/A2 1195t US0 60 1803 2Q £ r¥WE=00¢ ddBlGhing
VIO 2004/073859, O 2004/ 073854, and VIO 2006/ 027359.
Pr efSEPRBRY, (PReehitt 6geno¥ehtat MTightonpoliia teed StFean) -

t he net hedo ofi drhe iphesentss MveHd R rinsnset egd echfferr@@u to
the group consisting of am nes (including pol

UNCUTEGRAR AR HRS) "y PEAPREE BHcRY KeTRIdaFf v %’W%sstart -up

quatrerkRagy nd B WAL0MPRUNESer Q{Jb&ro—MeBaMﬁ@ﬁMHE&Iri cs
(such as pyrroles, indoles, carbazoles, imdazoles,

pyr SFGRES LY oXaTdl @ SafE STNLYiEt didgar GAREPEsYeen

anm desjeBkbfi { &S andi N-¢enhabal 19 GONRMeXEAgw Aget Full
(such as EDTA, NTA, EGTA and DPTA) . Mre preferably,

t he TTi"0F0§BRAY c ORI NG Ye oRPBUFRF I 168) 4Bt 8Bt ¥ 15 less

an nesin( 8RS Mei NG RAlYEUPCTEonaln AMsAES Ly RYRb M Nes
and their derivatives and quat ernary anmoni um

CONPBEAES a1 Evers ot epréf ef BTyl t Hig readily understood by

ni t regeny¢ontai NG, compeundod s; &y am ner i Vst an
preferably the nitrogen-containing conpound i's a C4 to

C20 ig¥inpé CaThechititogenrconeRi # g compeunt #&t Hoided 1
t18 theBydrocarbon feed sbhegm Gantalnieng kessndnan

O ppnw nitrogen-contai ning speciés in an anount such
that t heTheseiiaca®s kydEbeaphoiefleddvenEeam eantd warried

”?;?;gtgglﬁtﬂg?h@%ﬁ%k Riceher abl y) &t | 8a8hs199o PP ML i1
P any regctor type, preferably in a fixed bed reactor. If

necessary, two or more reactors containing the catalyst
may be used in series.

The bulk metal catalyst compositions may be applied
in single bed and stacked bed configurations, where the
compositions are loaded together with layers of other
treatment catalyst into one or a series of reactors in
consecutive order. Such other catalyst may be for example
a further hydroprocessing catalyst or a hydrocracking
catalyst.

The process of the invention may be run with the
hydrogen gas flow being either co-current or counter-
current to the feedstock flow.

During the start-up of a reaction process, the
catalyst is, in an optional first step, dried by heating
at a temperature in the range of from 100 to 150°C in
air. The catalyst is then contacted with the hydrocarbon

feed stream before the hydrogen partial pressure is
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| east 200 ppmw, even nore preferably at |east 500
ppmw, nost preferably at [ east 1000 ppnmw

WORGPOESM cont ai ni ng speci es (based on the ovePEI/EP2008/065877

wei ght of the feed streanm) . "No significant [oss in
performance' as referred to herein, refers to the bul k
netal catalyst, after start-up3having no nore than 10%
| ower hydro-desul f urisation activity than the sane

cat alaystahas, a hem ngirkeenisub] €ct®d 0 raashgrtndlratalyst.
process in contact with a full range feed. Preferably,
t he FFEdGEEPOR Thf dBtAVIIEY PET TS Hﬁ%&ﬁug@blﬁn?%ﬁsed €0 a

pr eferabhyel esstidhanmnd¥ oevenomor e prief epablyolessioo
than 2% It will be readily understood by the skill ed
per S6Y )t hAPTa ?@%ﬁqfﬁ?lﬁnlacFF%lﬁ%qu Cé. TaAm detrt i T4 |

actind By, paF) eURI @b ridiek-ease im @ irdinb¥ bs from 4 to 8
accept abl e for t he nmet hod of the present invention.

The "P0dé8st9f ¢ H¥Present invention may be carried

out W t hat hanhul d¢ yret @koga&al Jy§tth%91nﬁg§l§é@ntso apRl i ed
in any reactor type, preferably in a fixed bed

read®orlYPE Hec VA Fﬁﬁr%@s%nm%aﬂéﬁ@?6ﬁ§u€%nW%ﬁﬁth

t he Gatak¥gt »8BY: NG UsePel B SEE | efucn Fhechpbkaetalprogram
catal yst conpositions may be applied in single bed an

st adke'd CHBBT edNfIfurcat MORS, L WY RUTe éaRPOIFE | s edr énd,
| oadgd itggetherpmidd kaversnOf-ather (LheatMitrcased at a

catal yst “into one or a series of reactors in
consgedEt ilvetbe derngsSweh fophet et Yysthonny beeforably in

exarngp|.e r@n&@réPefmﬁNqboﬁBOQQSéhﬁﬂu?a%%%XSerEefhbly in the
hydrocracking catal yst. The process of the I nvention

may fsegeuatwir ot te teydfofenhgas. flfowolei hgaei etrer
Co- urfent - Qfe Cﬂwe%fs%%hggé 19 Mb%f%%@%%geé | QW pe

During the start-up of a reaction process,
separated by a period during which no further temperature

increase is applied. Alternatively, the phases may be
operated immediately after one another.

Once start-up is completed, the hydrotreating
process of the invention is operated under the conditions
of elevated temperature and pressure which are
conventional for the relevant hydroprocessing reaction
intended. Generally, suitable reaction temperatures lie
in the range of from 200 to 500°C, preferably from 200 to
450°C, and especially from 300 to 400°C. Suitable total
reactor pressures lie in the range of from 1.0 to 20 MPa.

Typical hydrogen partial pressures (at the reactor
outlet) are in the range of from 1.0 to 20 MPa (10 to 200
bar), and preferably from 5.0 to 15.0 MPa (50 to 150 bar)
at which pressure compositions of and for use in the
present invention have been found to have a particularly

improved activity compared with conventional catalysts.
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catalyst is, in an optional first step, dried by
heating at a tenperature in the range of from 100 to

WaAI®0Gsrh air. The catal yst is then contact edP@i/EP20D$1655877

hydr ocar bon feed stream before the hydrogen parti al
pressure israised to a pressure suitable for sulfiding
the catalyst. Preferably the Aydrogen partial pressure

is raised to a pressure in the range of from2 to 10

MPa (20 tre 10RihAfch, ghBl €1pk efefcahlny the t8gctange abst
from3 to 8 MPa (30 to 80 bar% nost preferably in the

r angeoEPHY ondt 4“%90 IEOPPaOf 467 4B 80 Wardy 000 ANL/kg liquid

t enpesat, Urer P& g i19ot heni1appliedd,onbhe sat@dyist 150 to
order to_increase the tenperature to the required

r eact’i%of (Eﬁper ature. Such a tenperature program nay

conpri SeAOBﬁpﬂfalmlrl ut @NMREHAL HIH dRCKEease: PPASLSs raRde

duri ng each Ehase e tenperature nay be increased at
a r&@Pnoth ?%r{bé?%fwf FBnke 148 BET Pt eferapia)yst
n the nhange }@?/ﬂrgm 10t ap 4G hgure . 1mest 1pr efesablabiy to
in the range from15 to 30 C hour. If nore than one

t enper é‘?ﬁ?em‘ﬁ%@”@é%lé/ 5Ra8e0t 3 tRed, KHeé/Bhases may be

separ at egy pyn@ PR iedcdyEi AG WH GHiRg (I thedicives other
tenperature increase is applied. Alternatlvely t he

phasésnayebe! BiRFed e T ABEN &t AP A Ceragnge aifdateico the

Once, $takhr ¥hn | Se&PMRebed, sphei hydnatr eat LRgsprocess
of the invention is operated under thé conditions of

el evarédirenperatirecangypbesaited vilii edgreto ensure the
Con\fﬁ%ts'e%é' of Of &he digkevantnhydh apnacesshngofk £agt LaQhn

i ntéended. Cenerally, suitable reaction tenperatures
| i e tihe Phékrangel ofatfrlart200r t 9250 10CT, sptéfértaisin.

from,200.4 9,450 OG .1 AR 68RECT 's\ﬁlff 9%%0905&&0%%
. Sui'table ¥ota reactor pressures [1Te in the range of
fromhe Quily ROtMPxatalyst is at least 1 wt%, preferably at

least 1.5wt%, based on the overall weight of the feed.
Suitably, the amount of sulfur in contact with the bulk
metal catalyst is no more than 10 wt%, preferably no more
than 8wt%, based on the overall weight of the feed.

The present invention will now be illustrated by the
following non-limiting examples.

Example 1 - Catalyst

A bulk metal catalyst was prepared by contacting
suitable nickel and molybdenum salts slurried in water at
80°C with ammonia and Sipernat 50 (Sipernat is a
trademark). After 30 minutes digestion time, the slurry
was spray-dried. The obtained powder was rewetted with
water, and mulled in a mix muller until a suitable mix
for extrusion was obtained. The obtained mix was extruded
into a trilobe form. The thus-obtained green extrudates
were dried at 120°C for 1 hour, and calcined at 300°C for

a further hour.
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Typi cal hydrogen partial pressures (at the reactor
outlet) are in the range of from1.0 to 20 MPa (10 to

wQo®essys and preferably from5.0 to 15. 0 MPaP(GBP1008/065877

150 bar) at which pressure conpositions of and for use
in the present invention have been found to have a
particularly inproved activity5cenpared wth
conventional catalysts. The hydrogen gas flowrate in

t he reactps éﬁem&tals@ttabwré o1t héer a8geq 0dpif4i018al0n

to 000_N / k qui d feed for exanp Ie 100 to 1000

NI / @lsnﬁﬁém%ﬁ‘?tw y N80 o{§o 500 N /Ok9g‘o Act pieaf nominal
| i quid ahQutl Yospace ivel egi iy-ms-d1b,t herrange of whkronpo
0.05 to 10 kg feedstock per litre catalyst hour
(kgMTP SBFtantds fromroe1rt %gf63tﬁféﬂ@ﬁgﬁfy ¢ M50, MOOs
norenﬁygﬁ@gap{kh%r@gmglé to 5, kg/l/h. During the
process for starting up, additives other than the

ni t rogen- Eo%&%ﬂﬁﬁh&xéﬁﬁ%%ﬁdﬁiﬁﬁy pelgdded R thie, stated,

hydreeasben; feed-st rams: Spesed i |y midture of Arabian
sul furcont ai ni ng conmpound may be added in order to
ensUee VP herpras 3l JRCsHf b abl S afd @it 2oF ST StFean,

contagh, whthrihe,hu kroghakncai@lyst. for sufficient
sul fidation. Typically, a suitable amount of sulfur in

conEEEE_MELh_ikﬁé}ﬁBHLBEﬁLﬁE_c%ihIyst is at least 1

w % prefe Yot 7 L oW <£§Ep 0 EE§7 ver al
wei ght of d'é% f ECEO Seurlltt abty,—tte alluunl 8%' iw fur in
contact w Ehe u'm¥ retal—cat-al-yst

contact W 5 ERGERULL foret carabisl v e g Lher
over al | mes%ﬂﬁuﬁfc@%Eﬁqud Thp nrﬁﬁpnf iindéntilon will
now be il §ttlaéjﬁt aatlg,@,gqrh(;cogmep@w P HoN- Liori t ng
exanples . Exanple 1 - Catal yst A bulk netal catalyst

was py.grared by contacting

In each Example, the catalyst prepared in Example 1
was dried at 200°C for 15 minutes in order to remove
loosely bound moieties. The catalyst was then diluted
with SiC to ensure proper plug flow up to 99.95%
conversion under hydrotreating conditions and placed into
a pilot plant reactor.

Example 2 (Comparative)

Start-up

After loading, the catalyst was wetted by contacting
it with straight run gas o0il at a sufficiently high
volumetric space velocity, until breakthrough of the
wetting feed was observed. Upon breakthrough, the
volumetric space velocity was set to 1.5 h' and H, and
H;S gas were fed into the reactor. The hydrogen gas to
feed ratio was set at 200 Nl.kg{, while the pressure was
increased to 40 bar hydrogen partial pressure. The H;S

gas to feed ratio was set at 3Nl.kg "
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sui tabl e ni ckel and nol ybdenum salts slurried in water
at 80 OC wth ammoni a and Sipernat 50 (Sipernat is a

W e@wdeowrk) . After 30 minutes digestion timnme, PETEP2008/065877

slurry was spray-dried. The obtai ned powder was
rewetted with water, and nmulled in a mx nuller until
a suitable m x for extrusi onr wWas-obt ai ned. The
obtained m x was extruded into a trilobe form The
t hus- obt ah8eth gream exbhpdad ©s e gdhnedaatag2Q LCro
for 1 hour, and calcined at 300 OC for a further hour

. ThEBP&RERL B sTPUEATEEE 0P t He® BT CoBE&FRECT i Kil§
Examlt@ly)@&éi\u Lot0 vieMa)i1 F i d 84 (R om :0. 19 e( Opmbe BatMirtd vs
nom nal cat al %/st conposition of Ni- I\/b SIO2 (27 W%
53 WO 26 % Uh *Badé CHReTF 3T UTRfEY 1 3cht Bttheramping
wei ghtct% of hbQ /MR 3 22RdrSi E2hdur-4 he 15aaRhe) thé n all

t he Exanpl es bel ow, unl ess otherw se, stated, the

str éae@ﬁter%ﬂr%a‘ga%uﬁur&@éa WAST 22 FAK (CGr & 8B C AR bl h same

heawys@Rd gAr abh amddeght ogasupl | Saafdioma.a hefhneide, tne
stream with the features shown in Table 1 : Table 1 -

St r ASGRET RART GAS VINEEAEPAGEP n-adtraEkaRpl BSR4 ture of

cat ajasst  phgpared d ndrxamterd wes dicedaat £ RO0: Qe fr 1, s
15 mnutes in order to renove | oosely bound noi eti es.

The Y&t &'y §EReRACtheudi FheedlofW tH SivEregeensat e
properi nkkydefl ow up to 99.95% conversi on under
hydrotreating conditions and placed into a pilot plant

readiGAVitExhAept e (Conparative) Start-up After _
| oadi ng, Tt be.gatalyst a%§v£ﬁ3% ted Qﬁéa‘%g%é%éﬂ% iy Wi th

straight run gas oil at a ficiently high
straight run gas oil at 345 °C, 55 bar hydrogen partial

pressure and an LHSV of 1.5 h'. Product samples were
taken once every 24 hours. On-line stripping was used to
eliminate most of the dissolved H;S. Off-line stripping
completed the H;S elimination procedure before analysis
was performed by XPS.

Example 3 (Comparative)

Start-up

After loading of the catalyst, H, was fed into the
reactor and the pressure was set to 40 bar hydrogen
partial pressure. The straight run gas oil feed was not
immediately introduced to the reactor. The temperature
was raised to 135°C. After 2 hours hold time, the
straight run gas o0il was introduced at 135°C and at
sufficiently high volumetric space velocities to ensure
proper wetting. Upon breakthrough, the volumetric space
velocity was set to 1.5 h'. The hydrogen gas to feed
ratio was set to 200 Nl.kg{. The temperature was held at
135 °C. After not longer than 5 hours time in total at

135°C, the temperature was further increased to 280°C at
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vol unetric space velocity, until breakthrough of the
wetting feed was observed. Upon breakthrough, the

WO 000/063878 ¢ space velocity was set to 1.5 h 1 BCOEP®08/065877

and H2S gas were fed into the reactor . The hydrogen
gas to feed ratio was set at 200 NI. kg 1, while the
pressure was increased to 406 Bar -hydrogen partia
pressure. The H2S gas to feed ratio was set at 3N . kg
1 . Bheokal/hews ngariemperat il ea pfOgriamneas sappld eghi the
conpl ete the conversion of the oxidic precursor to the
cat AYPPEAFTYC T VSt £18B8P TSt rh© THhe terpetdt ure

vas ddipeeasede f 6 0mM400m tesmeratlie ab0i 484 Q6 aheareactor
ranping rate of 20C/ hour. After 10 hours hold tine,

t he Herperattr ePnad Fdr Shef e ridds&dStro 280 0C at the
samJdraRpiLpgrEat éhg After 10 hours additional hold

time, the tenperature was increased to the reaction

t enper at G'e 0t2 G450 COREET P S AénpéErat hPed W cvaluate
reachedcatheyflowafi H2S wase swidched 10kh, chdte tihg in
fl ow of hydrogen was maintained. Activity Testing The
cat al*pfPécaétivity was neasured using the straight run
gas sQlzhmpat 34ocQpar22vR3r hydrogen partial pressure
and an CHSV of 1.5 h T . Product sanples were taken
onceEtefEryP24 hours. On-line stripping was used to

el i m nat gepost; Ofqithedi 880l vadi 2SS . 1Cbfati process
stripping conpletedthe H2S elimnati on procedure

bef e CaAaryst e Twsrnger foratdamyl XPSWiERahpe et @Llowing

( Conpatatbyed s Stardsun Al g5, | 0ading f, thgacatal ysf 55
H2 was fed into the reactor and the pressure was set

to ¢@rb@ydh9@¢@g@ﬁtial pressure. As a compensation for the

higher hydrogen partial pressure, an additional amount of

sulfur, in the form of Sulfrzol (Sulfrzol is a trade
mark), was added to the straight run gas o0il before it
was contacted with the catalyst. This addition resulted
in a 1.5wt% sulfur equivalent increase in the total
sulfur content.

Activity Testing

The reaction conditions and feed used to evaluate
the catalytic activity were identical to those used in
Example 2.

Example 5 (Comparative)

Start-up

After loading of the catalyst, a start-up process as
described in Example 2 was applied, with the following
differences. Instead of using straight run gas oil for
the start-up process, straight run gas o0il which had
already been subjected to hydrotreating was used. This

feed had the properties shown in Table 2.
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partial pressure. The straight run gas oil feed was
not imedi ately introduced to the reactor. The

WO 200pe6srRIire was raised to 135C. After 2 hour sPCIDERR2008/065877

time, the straight run gas oil was introduced at 135C
and at sufficiently high volunetric space velocities
to ensure proper wetting. UponS8breakthrough, the

vol unetric space velocity was set to 1.5 h 1 . The
hydreger gas tpafeaddtabi gawasiset to 200 NI. kg 1 .
The tenperature was held at 135 QC . After not | onger
than 5 hour8Uiifhe $ortHttal at 135C *Vhel t 8APerlat ure
was furt her|ToRaE eAEEEPISN ZROCACE 4t BOBOd hatlr rlanpi ng
rate. After 10 hours hold tinme, the tenperature was
agai n i ngpeased. to, g%ﬁpéﬁ cLd on, L enpen alur ear&’cfur?t“%@

H2S was not admtte tot e reactor throughout the
wholseildvar prepepr ogesde Aceilviegk Test iadgiThenakawtdumy of
Condé f%@swéé‘da%c?e%g ‘i%e‘éhgofﬁﬁlrﬁ"&@t '}‘%o?aﬁé‘uﬁﬂz%l is a
act |V|ty were ident’ical to those use
Exartp1aele4m(a©@hpa1ratqr\¢9@)r Sbak tecgr Af ttére Isgédungccojftetrite to
catal yst . a start-up process according to Exanple 3
was appl i’éd with the follow ng differences. After
Ioad>4mg\flt:MeT@$iemre was set to 55 bar hydr ogen
parti al ti n e
hydr ogengégg]tﬁ% pleégggrgf?ggsﬁ additi b 59 u‘!}iequ%ed ves
sul fawritchadt he $orangdfc Suhf gzsloj(JSuITﬂurezgleaCSlantqrcadﬂatlons
mar k) , ade to th raj ght a before it
Was %99h S& gegtﬁ$ vg%g%% £Q c g% %d v1ty was
resuiJoteeldibalatd Bt wleﬁunnemmm/galleem. i ncr ease in the

tot %Ixa‘?n%l f u% ?gnrrtlpearatlve)

Start-up

After loading, a start-up process as described in
Example 5 was applied, except that Sulfrzol (Sulfrzol is
a trade mark), was added to the straight run gas oil
which had already been subjected to hydrotreating, to
compensate for the shortage of sulfur available for
completion of the sulfidation during the procedure, in an
amount resulting in 0.5 wt% added sulfur.

Activity Testing

The reaction conditions and feed used to evaluate
the catalytic activity were identical to those used in
Example 2.

Example 7 (Comparative)

Start-up

After loading of the catalyst, a start-up process as
described in Example 5 was applied, except that no H;S
gas flow was admitted to the catalyst during the start-up

procedure.
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Activity Testing The reaction conditions and feed used
to evaluate the catalytic activity were identical to

W@ b@seoissed in Exanple 2 . Exanpl e 5 (Conpar at PEEP2008/065

Start-up After |oading of the catalyst, a start-up
process as described in Exanple 2 was applied, with
the followi ng differences. Instead of using straight
run gas oil for the start-up process, straight run gas
oi | whiichchade @d 1repdy been subjected to hydrotreating
was used. This feed had the ropert| es shown in Table

2 . Tabl eTB -T4RfIrorr ERPEUT €SS A9 hCofYRIUR S the

corrrt%%a@/eléogciﬁelﬂyow@&eaﬂ@@mléél s ftubspresentid n
the feedstock, an additional anmpbunt of sul fur was

add@d‘amipﬁet%e formof Sulfrzol (Sulfrzol is a trade
mar klxamph B @rder to increase the sulfur content to
1.5wi % Activity Testing After conpleting the start-up
procgs$t—the feed was switched to straight run gas

oi | . Theareactiuicendirt t ROSAnd seedauses: £ 0 evalleake
the catalytic activity was identical to those used in

Exaffisér20ed Eianpta e & Cotpar R Vedd Stiar - Gpe Af¢eowing
| oadiinGeranst al tr i RI0CeSss 8sg dasaiihed LR Example By
was applied, except that Sulfrzol (Sulfrzol s a trade
mar Khe wasradde i ate StFatght TWin 9g&s Obi | WinkGie hasad
al r %%%éa@%eﬁeéﬁlbé&%te%@ebot!%ygg}@ﬂléteﬁetdt%g Qs cosmensalie

for the shortage of sul fur avail abl
feed had the properties shown in Table 2.

This feed was doped with enough Sulfrzol (Sulfrzol

is a trade mark) to ensure 1.5 wt% additional sulfur

877

as

being present in the feedstock (as in Example 4) and was

also doped with decylamine to the level of 1800 ppmw.

Activity Testing

The reaction conditions used to evaluate the
catalytic activity were identical to those used in
Example 2.

Example 9 (Comparative)

Start-up

After loading of the catalyst, a start-up process
described in Example 4 was applied, with the following
differences. Instead of using straight run gas oil for
the start-up process, a light gas o0il of Middle Eastern
origin was used. This feed had the properties shown in
Table 3.
Table 3 - Light Gas 0il

Density at 20/4 °C g/ml [0.8391
Carbon content W 85.41
Hydrogen content W 13.42

\C

Sulfur content 5 W 1.21
Total nitrogen content| ppmw 72

as
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conpl etion of the sulfidation during the procedure, in
an anount resulting in 0.5 w % added sul fur. Activity

wae@pioer78The reaction conditions and feed usedP@DEP2008/065877

eval uate the catalytic activity were identical to
those used in Exanple 2 . Exanple 7 (Conparative)
Start-up After |oading of theZ20atalyst, a start-up
process as described in Exanple 5 was applied, except

that no ER&gas flsewrwasiade 4 treddeombibr) cialatgled to the
during the start-up procedure .Activity Testln The
rea qegntBOﬁH??¥?nﬁ? GSEdtEen b attRe chel cét%ﬁyt§Q9fur

act ipdity; yeesehdeiLamhot,e those-disedip peExaaple 2 .
Exanpl e 8 Start-up After loading of the catalyst, a

st aiStaFiproleeS UL described in Exanple 4 was

appl i ed, Tlﬁ\étfbatd"cﬂofnmcbﬁmagor% ffer encasusbastead Qfiate
usi ng strai run gas oil for the start- uEhprocess

st r d&ifghtafFa Y@%% %ﬁqlWMﬁWcHeﬁ%dl%ﬁWQﬁﬁﬁ} bee %ﬁ%ﬂéﬁﬁ%d“
to hydroteeating was used. This feed had the
properties shown in Table 2 . This feed was doped with
enoudgi¥™8ekPf %0l (Sulfrzol is a trade mark) to ensure

1.5 M%@Q%i;m&alac%%ﬁgp p@lﬂgnp;raqa?nexweé;@d as the
feedstock (as in Exanp and was al so doped wth

decweaWﬁﬁétv@etwqwf@{ Tor %@O@P%rﬁﬁlfﬂét 0 PYOTEt i ng
The Jeacki 0y €oNdidi0ns Sedat @28l Yatigqt PSeudo-first

order reaction kinetics for the description of sulfur
removal, and for the correction of minor wvariations in
process parameters.

Table 4 shows the difference of HDS catalytic
performance expressed in relative volumetric activity
calculated from the pseudo-first order reaction rate
constant of the HDS reaction rate obtained relative to
Example 2. Commonly applied reaction order and activation
energy were used for the calculation of the pseudo-first
order reaction rate constants in accordance with the open
art. For methods see, for example, Ind. Eng. Chem. Res.,
30, (1991) 2021-2058; J. Catal., 219 (2003) 442-451; and
Rppl. Catal., 114 (1994) 127-139.



catalytic activity were identical to those used in
Exanple 2 . Exanple 9 (Conparative) Start-up After
WO omdierg7of the catal yst, a start-up process aBRCT/EP2008/065877
described in Exanple 4 was applied, with the follow ng
differences. Instead of using straight run gas oil for
the start-up process, a |light 2gas oil of Mddle
Eastern origin was used. This feed had the properties
showapia Tabl e BativEakloeudet r Lé gttt iGas yOihSubé r zolursp
(Sulfrzol IS a trade mar K) mas added to the feed to
- b e < alen 125 Ry S Ol i hen
pre&enbuqaﬁggghout t he start up perlod Act|V|ty
Testing The reaction conditions and feed used to
eval uate the c&RIEIBME c |acBPVREYY e W@éntFeal to
those used in_Exanple 2 AFkawphe 110 HO&st AbYt | ¢
activity is|ltypically expressed a4 he tenper:

7
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renmoval |,
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and for @ he cc
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)l e 4 shows7bhe di fference of
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cul ated fromthe pseudo-first

order

reaction

le 2 Conmonl

appl

obtained at relatively short time on-stream,

stabilization time.
5 and 7 is shown in Table 4.

ULSD operation,

reaction rate constant of the HDS reaction rate

obtained rel ative to Exanp :
B?d@ﬁeﬁﬂﬂiféfﬁFvﬁ¥?%ﬁ1reaCtlon rate Constants were

i ed

after a week

The average value observed after day
All activity was measured in

meaning that none of the obtained sulfur

slips were below 5 ppmw or above 60 ppmw at the target
condition. This allowed full compliance with both ULSD
operations and ideal plug flow conditions.

It is easy to conclude from Table 4 that start-up
conditions and the straight run gas o0il applied in
Example 2, 3 and 4 are ideal for starting up a process
using a high performance bulk metal catalyst specially
suited for ULSD operation. Using the warm prewetting
could slightly further increase the observed performance
in HDS both at medium and higher partial pressures of
hydrogen present during start-up.

However, as stated above, applying a straight run
gas 0il during the starting up of such a process is
unsuitable due to contamination of the final product and
potential poisoning of other catalysts in a reactor bed.

It is also directly evident from Table 4 that
applying an already treated feedstock as a start-up feed

is not recommended for starting up a high performance
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energy were used for the cal culation of the
pseudo-first order reaction rate constants in

waewondsmee with the open art. For nethods seePCT/BP2008/065877

exanple, Ind. Eng. Chem Res., 30, (1991) 2021-2058; J
Catal ., 219 (2003) 442-451; and Appl. Catal., 114

(1994) 127-139.Table 4 - Rel-atve Vol unetric Activity

in HDS in ULSD Qperation (Exanple 2 is taken as base

casexthar mbhel cadedliatd, ony The pseuderd vbstimeteles activity
reaction rate constants were obtained at relatively

short™ feCoh- 814 &lifi- carfer A hedk &t 401 F2BP7 0 t"1om§he

The aver agervalpleaghsenved:af ter daywe and 4iis(shown
in Table 4 . Al activity was neasured in ULSD
oper&tiBhcSmean? nf that none of the obtained sul fur

slips wergahel O ZrpRBW: & @Msﬁ(}lgp@we@ﬁ dhe dar get
condition. This allowed full npliance with both ULSD

operdiiGhenant JeRAIATEPEg el 0P c%tﬁtﬁrfﬂéﬁsnonr%awr@%ﬁ

to %Q%Qltl-lgﬁ from Takle 4 tha r@&ﬁfﬂﬁguﬁo‘égngbyﬁ&&cﬁ%nce,
the straight run gas oil agp ied in Exanple 2

4 ard'S @€alViEY Wt artiRgeup as pl”r?fctésr§du§Pn@e%r glhje“tlcal

per froramBce, bk yptal-acat akystpyspesi. althyssHided &R s of
ULSD operation. Using the warmprewetting could

sl i gty 1fdr eheroltidredsenihe ebsermiedtpert of netelgsired

HDS hofdhcat s gedidmand hi gher partial pressures of
hydrogen present during start-up. However, as stated

above, apphyR ¥Ry °arstvealghthrunigay 6 Illai]\'ﬂl%@s tHeg instead

stardd ng fHEl%a%’&@t@a@@%e%n'gsaé”lﬁli' tabh 85 dues 10 yp will
contami nation of the final product and potenti al

OI§@@pn@eoﬁeﬁﬁ¢ﬁ%Y'@@ﬁéﬂ?@ﬂéaanaTﬂéﬁ@@érpbéﬁormqanSOf
aI sqdi %gggh%zsgvirgqms])f remTable 4 that applying an
al ready treated feedstock as a start-up feed
Example 11
Spent catalysts from Examples 4, 8 and 9 were
recovered from the pilot plant using a special procedure
that prevented oxygen contacting the sulfidic catalyst
sample. At the end of the catalytic test the reactor was
allowed to cool down from the testing temperature to
200°C under the test feed flow and H, flow. Thereafter,
the feed flow was stopped and the reactor was further
cooled down under H; flow. When the reactor was cooled
down sufficiently to allow handling, the reactor was
taken out of the test unit and was taken to the
workbench, where it was flushed with gasoline, and
subsequently with nitrogen in order to allow sufficient
drying.
The spent catalyst was removed from the reactor. The
catalyst particles were separated from the SiC f£illing by

sieving in air. The recovered catalyst extrudates were
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I's not recomended for starting up a high
performancebul k netal catalyst, as the relative

Wo00ae8rs ¢ activity of gas oil HDS decreased RET/RPR08/065877

to 40% conpared to the sanme start-up applied with ful

range gas oil (see Exanples 5to 7 ) . Exanple 8 shows
the surprising effect of the additi on of decylamne to
t he otherw se non-favourable start-up feed. Instead of

pr O\Bt@r@Q RAOG1ADS erfiesmace: r the adtievitt Yenperature,
nple 8 is restored to nearly identical levels to
the”ﬁ&@@uEaéép?%%ﬁhﬁie 1299C: Thus high levels of

activityras exohtaigdedewhit er €t RMRat bentwd dhet samples
desired product is avoi ded. Exanple 9 reveal s that

usi METE FREATIRAL AN FhEEBAdE 0T H FHRCtPARGRT st Aifght

Fun vgRs 2@k bn s & NEE 3t ank- WRs Wit e &0 Bensenex edé/lerator
detrinental to the HDS perfornance of the catal

in
ULSB 1686, 2EX@ni% SCE OSp#hE Nt dIS S PRERPEX Pt i

. 818ndi9cuer ey recovaredatrom tdign Pidnotupbalt i MG @ence
speci al procedure that prevented oxygen contacting the

sul fSlditc earaPY str Suiipite ONAPT t heS Bk oo FRBP At HATE -

testricheck8a€l Q& Mas calskowednt 9o cool-rdowaafnem tde,
testing tenperature to 200 OC under the test feed'ﬁ

andVHQUﬁFOMPe$W%¥éHfﬂ@ﬁreﬁﬁéngfﬁﬁﬁkqa9ﬁnﬂaée%?bpﬁéﬁtéhd

the meactarcMes, fulithen scogl ed-dowrdinder s f | OWverting
When the reactor was cool ed down sufficiently to all ow

handifiengiff hecrercier tRasirakenl gutr ¢hdt REPEeIEeRNIN
and a3 Lakepto HJ&g\%%QeM@h ﬂwlfcra%ulltar%§ bt Uﬁd“%@ud a

wi t h gasoline;, and subsequently w nitrogen in order
to dldneéwnsuféceremt drying .

The thus-obtained X-ray diffraction patterns of
Examples 4, 8 and 9 are shown in Figure 1. The patterns
of 4 and 8 appear identical, with no additional or
missing crystalline phase being present that could result
in additional peaks in the diffractogram. The peaks in
the patterns can be identified as typical reflections of
molybdenum and nickel sulfides, often observed in
materials prepared with low amount of inert oxide under
sulfur high conditions. The pattern of the spent sample
of Example 9 shows additional peaks, compared to the
patterns for Examples 4 and 8. The additional peaks are
marked by arrows in Figure 1. These peaks correspond to
the presence of additional X-ray active long-range
ordered material in the sample, identified as nickel sub-
sulfide Ni;Ss.

The differences in the X-ray diffraction patterns
reveal that catalysts having been used according to the
start-up process of the present invention are the same as

those having been used in a start-up process in which



The spent catal yst was renoved fromthe reactor. The

catal yst particles were separated fromthe SIC filling
wh2009/063878g in air. The recovered catal yst extPCHEPZ98/065877

werestored in glass bottles in air at anbient

tenperature, wthout exposure to light. The X-ray

powder dif fractograns of theZ2gpent sanples were

recorded on an X '"Pert Pro dif fractonmeter . Cu-Ka

r adisatriaognwasunset and was dedecd®gd iwdt Ananthat by adding

X Cel erator |inear array detector wthout

noNGEHRYOABED? Bhd i 26 3 WP - F$9%ertlien FPRB2HT $1 rlctéd
beamacAn i34k OBt dice 1disv@rgeBCEnSdd toreRsUr edehiyadiat i on
of a constant sanple surface. The resulting increase
wi t RTS8 e he st #d S8ahpl &° Vit dire i eV deeany s 1t 1S
| ncreRgiRgcfackar aund phrevehcduer tind ldak eseeaCen: ks
was corrected for by First converting the dif

f r actddradrsPRdse i e d SRILES, tant S ussEqueat| g1l HPS
SUbE&%&bEB? sebackanound whhpl & a@nular Lbyief1ithang
a bendin actor of O . The thus-obtained X-ray
difﬁﬂé@?génhb%¥?%$ﬁ§f@ffEﬁﬁﬁples 4 , 8 and 9 are shown
in Figure 1 . The patterns of 4 and 8 appear

identical, with no additional or mssing crystalline
phase being present that could result in additiona
peaks in the dif fractogram The peaks in the patterns
can be identified as typical reflections of nolybdenum
and ni ckel sulfides, often observed in materials
prepared with | ow anount of inert oxide under sulfur

hi gh conditions. The pattern of the spent sanple of
Exanpl e 9 shows additional peaks, conpared to the
patterns for Exanples 4 and 8 . The additional peaks
are marked by arrows in Figure 1 . These peaks
correspond to the presence of additional X-ray active
| ong-range
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ordered material in the sanple, identified as nicke
subsul fide Ni7S6 . The differences in the X-ray

waledobroessrs on patterns reveal that catal ysts harCT/BPives065877

used according to the start-up process of the present
invention are the sane as those having been used in a
start-up process in whichstrai2gght run gas oil has been
appl i ed and that by adding decylam ne to the start-up
feed, the formation of an additional nickel sulfide
phase on the catalyst is %revented W thout wishing to
be bound by theory, it isCtshggest’ed that the presence
of the additional nickel sulfide phase is related to
the | ower gas oil HDS activity seen with the sanpl es
st arlt-ed ﬁpp¥?Fqﬁ%ﬂﬁ?roﬁtéFFé%ﬁyﬁhfﬁP§€F@5¥%ﬁtFéé&§OC€SE

Al Mi@gla. phuprecess her1stal tdth e By deotdeadimg the
process using a bulk nmetal catal yst, said process
conpttic®*n§tthe steps of: i ) providing a hydrocarbon

feed stream oM AInl 8884 ham HRuPRMEan containing
ni trogen-containing species; ii) adding a

ni t regentEaRt AP himg e orpeasen e e d iRgdrBeat bon f eed

stream and Addﬁngc%nﬁqaekb@&nimtraqsl%tgae&mﬁm sl eamy
with the bul k nmetal catalyst in the presence of

hydriogercarbcn SeAd wtreont aphting species. 2 . A

process §9£PY&BHH£6%Qn%|@h@“Qesuﬂ@%%&ekge8h§t$6%H(%E%%bQHe
feed stream containing I ess than 100 ppnw

ni t Fog&nnednt a¢ i Ay s$péei e5ei Rres dreied ost hEdrevdn ciichas

al readypeep,{ s galRd JRAcProcess which reduces the
anmount of nitrogen contained therein. 3 . A process

accor-di n§ Peoced s mctopgigd afon 2aimber eharein the

hydrocarbon feed stream containing less than 100 ppmw
nitrogen-containing species is a feed stream which has
already been treated in a process which reduces the
amount of nitrogen contained therein.
3. A process according to claim 1 or claim 2, wherein
the bulk metal catalyst is a composition of the general
formula (I):

(X)p (M) o (2)g(Y)e
wherein X i1s at least one Group VIII metal, Y is one or
more element selected from oxygen and sulfur, Z, together
with the oxygen component as element for Y, forms a
refractory inorganic oxide and b,c,d and e represent
relative molar ratio value.
4, A process according to claim 3, wherein ¢ is the
integer 1, the ratio d:c is in the range of from 0:1 to
20:1, the ratio d:c¢ is in the range of from 0:1 to 20:1

and the range e:c is in the range of from 1:1 to 50:1.
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the bul k netal catalyst is a conposition of the
general formula (1): (X) b (M ¢ (2 d (YY) e wherein X

W0 g00a06i8east one Group VIII netal, Y is one orPGDER2008/065877

el enment sel ected from oxygen and sulfur, Z , together
with the oxygen conponent as elenment for Y, forns a
refractory inorganic oxide andéb;c,d and e represent
relative nolar ratio value . 4 . A process according

to o.ai M3provdey eickoedi sgthie driit eger ot c1dhes rlatti004,

d:c is in the range of fromO0O:1 to 20:1, the ratio d:

i s "R r BRg e of FIomCe 12t 2D: Cfmé’ﬁdmﬁhésr%%]geéfteedc trom

IS ithet Beotianger &t dd @od: dné 0g@fipl . onsiht PhOCES Samines
accordlng to any one of clainms 1 to 4 , wherein the

i t r'OGEnIEORT P MG GO BBARIET S 5Bl eSS Pom 3k Eheix

grouprsekected, faamdhe rgr aRo£0ns i hipdanak, ast nas N
(i ncludi ng polyf unctional am nes), pyridines and

t heieT@EPPYART VIS (ialerRabyr Bifoni UfPEoRPoUPRISAZ01es,

ot hemiNahet 85 oas d1es, (s4eho8ss pyoles, indol es,
carbazol es, i mdazol es, pyrazoles, oxazoles, and S ,N

het &C0&F BABOTES)CS Jamicdesesni P11 e samd INNC 6AR & Hi iy
g onplagxi BY i Agedsh{SUGh casa EDTAva NTAa , EGEAn angy BIFFA))..

. A process according to claim5 , wherein the
ni t rfrogen® cHftH I [FG CO6APBENTL | BLdd! ect BASF e b tltfe

gr 0l%ﬁt%%&éhsééﬁtgalthﬁ_}mcgﬁqﬁo&h@Ciydéeﬁ%cl%%ﬂfr&rﬂ%ﬂ@%oup
am nes), pyridines and their derivatives, and

quateerRary - armehi UMNesTPenAdeding polx fgpeEagsal amines),
accydiing ko Shaiimb » wherel nvdde aert 09e8: oA al A um

conmpound is one or nore amnes. 8 . A process
accordiregnes- any one of clains 1 to 7 , wherein the

resul tang feed stream iis,gont acted Wit hnthein tne

nitrogen-containing compound 1s one or more amines.
8. A process according to any one of claims 1 to 7,
wherein the resultant feed stream is contacted with the
bulk metal catalyst in the presence of hydrogen and a
sulfur-containing species at a hydrogen partial pressure
in the range of from 2 to 10 Mpa.
9. A process according to any one of claims 1 to 8,
wherein while the resultant feed stream is contacted with
the bulk metal catalyst in the presence of hydrogen and a
sulfur-containing species the temperature is increased
during one or more phases and during each phase the
temperature is increased at a rate in the range of from 1
to 50°C /hour.
10. A process for hydrotreating a hydrocarbon feedstock,
said process comprising the steps of:

i) providing a hydrocarbon feed stream containing

less than 100 ppmw nitrogen-containing species;



bul k metal catalyst in the presence of hydrogen and a

sul fur-containing species at a hydrogen partia
WQe@9o6ases i n the range of from2 to 10 Mpa. 9 PCHEP2008/065877

process according to any one of clains 1 to 8 ,

wherein while the resultant feed streamis contacted

with the bul k netal catal yst- 2@ the presence of

hydrogen and a sul fur-containing species the

t enper at ur g d&dimcreasedogeridtchtoneiay vhcophases sand

during each phase the tenperature is increased at a

r at éliﬁdﬁoFﬁébg%n@%edofStfrreéf?fl to 50 OC /hour. 10. A

process for) hysgtotdreati oge ar dydriocar benaf eedsdockch a
said process conprising the steps of: i % provi di ng a

hy drod&r B6R2t eedf- Sirdam c bRE AP 1 1Y 1% < LHARCITD PPHmA

ni t regenr-cephalinNg speeies;iijqadding a
nitrogen-contai ni ng conpound to said hydrocarbon feed
stream iVi)S'EORBEOTHY EARFESUIG &RE Feedl sttedli fAaL

a buldemetal weat alnsthar obheLof esance ok hydrpgenandce
a sul fur-containing species; and iv) subsequently
contdctYA§OEHR: resul tant bul k netal catalyst with the
hydr ocar bon feedstock in the presence of hydrogen.



